e studied 57 patients with isolated lunotriquetral injuries treated by arthrodesis, direct ligament repair, or ligament reconstruction. The outcomes were compared by using written questionnaires, the Disabilities of the Arm, Shoulder and Hand (DASH) score, range of movement, strength, morbidity and rates of reoperation. Isolated lunotriquetral injury was confirmed by arthroscopy or arthrotomy. The mean age of the patients was 30.7 years (15.4 to 53.7) and the injuries were subacute or chronic in 98.2%. Eight patients underwent lunotriquetral reconstruction using a distally-based strip of the tendon of extensor carpi ulnaris, 27 had lunotriquetral repair and 22 had lunotriquetral arthrodesis. The mean follow-up was 9.5 years (2 to 22). The probability of remaining free from complications at five years was 68.6% for reconstruction, 13.5% for repair, and less than 1% for arthrodesis. Of the lunotriquetral arthrodeses, 40.9% developed nonunion and 22.7% developed ulnocarpal impaction. The probability of not requiring further surgery at five years was 68.6% for reconstruction, 23.3% for repair and 21.8% for arthrodesis. The DASH scores for each group were not significantly different. Objective improvements in strength and movement, subjective indicators of pain relief and satisfaction were significantly higher in the lunotriquetral repair and reconstruction groups than in those undergoing arthrodesis.
Isolated injuries of the lunotriquetral interosseous ligament complex and associated structures are less common and less well understood than other forms of dissociative carpal instability. Lunotriquetral injuries range from incomplete tears to complete dissociation, with either dynamic or static carpal instability, and causes include attrition by age and ulnar positive variance, 1-3 perilunate [4] [5] [6] [7] or reverse perilunate injury, [8] [9] [10] [11] and dorsally applied forces. 12 Lunotriquetral tears may be isolated or part of a more severe carpal injury, such as a perilunate dislocation. The radiographs are often normal.
The aim of surgical treatment is the realignment of the lunocapitate axis and the re-establishment of the rotational integrity of the proximal row of the carpus. Several procedures have been described. We have compared isolated lunotriquetral injuries treated by arthrodesis, ligament reconstruction or direct ligament repair with respect to outcome, range of movement, strength, morbidity, and rates of re-operation (survivorship).
Patients and Methods
Patients with isolated, untreated lunotriquetral injuries confirmed by arthroscopy or arthrotomy were identified retrospectively. Approval from the Institutional Review Board was obtained before reviewing the medical records and contacting the patients. Those who had undergone either a lunotriquetral arthrodesis or reconstruction or repair of the lunotriquetral ligament, with a minimum follow-up of two years, were included in the study. Exclusion criteria included the presence of other ligamentous injuries or fracture, or the concurrent treatment of other carpal abnormalities.
Between September 1970 and September 1996, 57 patients (57 wrists) were included in the study. There were 35 men and 22 women with a mean age of 30.7 years (15.4 to 53.7) at the time of surgery; 22 underwent arthrodesis, eight reconstruction and 27 repair. The mean delay in diagnosis of a lunotriquetral injury was 1.2 years (0.7 to 1.6) and the mean follow-up was 9.5 years (2 to 22). Nine patients declined to participate in the follow-up questionnaire (6 arthrodeses and 3 repairs).
The records were reviewed for the clinical details, handedness, workers' compensation status, the mechanism of injury, delay in diagnosis, preoperative and postoperative findings on examination (range of movement, grip strength, location of pain, and instability), radiological appearances, methods of treatment, complications and subsequent operations. Grip strength was measured by either a Jamar grip meter (Hand Dynamometer Model 1, third ring; Jamar, Clifton, New Jersey) or an NK digital grip meter (Model DGR001, third ring; NK Biotechnical Corporation, Minneapolis, Minnesota) with the arm abducted, the elbow flexed at 90° and the forearm in neutral rotation. Each patient completed a questionnaire and the Disabilities of the Arm, Shoulder and Hand (DASH) outcomes measurement. [13] [14] [15] The questionnaire evaluated the severity and frequency of pain, movement, instability, work and leisure activities, the outcome of surgery, and overall satisfaction. The final range of movement was determined by hand diagrams in the anteroposterior (AP) and lateral projections, on which the patient superimposed his hands and marked maximal flexion, extension, and radial and ulnar deviation. Statistical analysis. The probability of remaining free from complications and the requirement of further surgical treatment was evaluated by Kaplan-Meier analysis. 16 Morbidity and survivorship rates were determined for the entire cohort as well as by treatment group. The latter were compared by log-rank tests. 17 Categorical variables were analysed by the chi-squared 18 and Fisher's exact tests. 19 For numerical variables, an exact Wilcoxon test for ordinal data was used. 19 Continuous variables measured were evaluated among the treatment groups by analysis of covariance. 20 Statistical significance was set at p ≤ 0.05. Given the group sample sizes, there was a power of 80% (ß = 0.80) for detecting a difference of 1.5 standard deviations between any two of the three groups. This represents a conservative estimate of power, based on a comparison involving the smallest group. All analyses were undertaken on SAS version 6.12 (SAS Institute Inc, Cary, North Carolina) on a Sun Ultra II computer (Sun Microsystems Inc, Palo Alto, California).
Results
The mechanisms of injury included a fall (29.8%), a twisting injury (26.3%), a sports injury (15.8%), a lifting injury (8.8%), a road-traffic accident (3.5%), and a blow from a clenched fist (3.5%). The mechanism was unknown in 12.3%. The dominant hand was injured in 63.2% of patients. The injury was chronic (more than 3 months) in 85.9%, subacute (between 6 weeks and 3 months) in 12.3%, and acute (less than 6 weeks) in 1.8%. A workers' compensation claim had been filed by 43.9% of patients. Preoperative findings. All patients reported pain, weakness and stiffness of the wrist preoperatively. A painful clunk or click was present in 50.9% and swelling in 17.5%. There was some limitation of movement, mainly of ulnar deviation (Table I ). Preoperative grip strengths are shown in Table I . There was no statistically significant difference in the range of movement or grip strength between the groups preoperatively.
Focal dorsal tenderness at the lunotriquetral ligament was seen in 68.4% of patients and provocative testing using lunotriquetral ballottement, shear, and compression manoeuvres 11, 21, 22 was positive in 64.9%, 52.6% and 64.9%,
respectively. There was minor volar intercalated segmental instability on the preoperative radiographs in six patients; the remaining films were normal. The three treatment groups were statistically similar with respect to gender, age, hand dominance, mechanism of injury, chronicity, workers' compensation status, pretreatment range of movement and grip strength. Operative technique. The surgical techniques for arthrodesis, ligament reconstruction with a distally-based strip of the tendon of extensor carpi ulnaris and direct ligament repair have been described. 11, [23] [24] [25] [26] [27] [28] Arthrodesis was accomplished by using an autologous corticocancellous bone graft from the distal radius in seven wrists and the iliac crest in 15. The grafts were used as an interposition block in 15, a slot graft in five and a winged graft in two wrists (Fig. 1) . The lunate and triquetrum were secured by Kirschner wires in 13 patients, a Herbert screw in five, an AO compression screw (Synthes, Paoli, Pennsylvania) in three and staples in one.
For reconstruction of the ligament a distally-based strip of the tendon of extensor carpi ulnaris was placed through bone tunnels in the triquetrum and lunate (Fig. 2) . All repairs of the ligament were undertaken directly using drill holes in the triquetrum (Fig. 3) . Of 27 ligament repairs, only one was carried out acutely. Postoperative results. The mean follow-up was 10.5 years after arthrodesis, 16.6 years after reconstruction and 6.7 years after repair. Table I gives the mean postoperative range of movements. Patients who had reconstruction had improved dorsiflexion compared with those who had arthrodesis or repair (p = 0.048). There were no significant differences in palmar flexion, radial deviation, ulnar deviation, pronation or supination among the groups.
As shown in Table I The methods of lunotriquetral arthrodesis. Figure 1a -For a corticocancellous block graft, the lunotriquetral joint is prepared by an oscillating saw or osteotomes to create the appropriate recipient site for the bone graft. The corticocancellous graft is impacted into the prepared lunotriquetral bed and secured by a compression screw. The mean DASH score was 29.9 for the arthrodesis group, 19.7 for the reconstruction group and 20.5 for the repair group. This instrument measures disability on a 100-point scale, with lower numbers representing lower levels of disability. [13] [14] [15] Despite the higher score for arthrodesis, there were no statistically significant differences among the groups (p = 0.461). There was no statistically significant effect on the method of treatment, rate of complications, number of subsequent operations, postoperative range of movement or grip strength, when considering workers' compensation status. These patients, however, had more complaints of pain at follow-up than non-workers' compensation patients (p = 0.001). There was no statistically significant difference in the ability to return to work among the treatment groups (p = 0.92), with 68% returning in the arthrodesis group, 75% in the reconstruction group and 70% in the repair group.
Complications. There were 39 complications in 31 patients (54.4%) during the period of study (Table II) . The overall probability of remaining free from complications at five years was 17.6%: 1% for the arthrodesis group, 68.6% for the reconstruction group and 13.5% for the repair group (Fig. 4) . A paired comparison of the probability of remaining free from complications showed statistically significant differences between arthrodesis and reconstruction (p = 0.007, p = 0.02 with Bonferroni correction) and between arthrodesis and repair (p = 0.03, p = 0.08 with Bonferroni correction). There was no difference between the reconstruction and repair groups (p = 0.100). Reoperation rates. A total of 26 further operations was carried out on 22 patients (Table II) . Overall, the probability of not requiring further surgery at five years was 33.6%, 21.8% for the arthrodesis group and 42.7% for the reconstruction or repair group (Fig. 5) .
Discussion
The choice of the optimum treatment for patients with lunotriquetral injury requires consideration of several factors, including the degree of instability (static v dynamic and tear v dissociation), the chronicity, and the presence of associated abnormalities. The initial management of most lunotriquetral injuries without radiological changes should probably be conservative, with immobilisation. The technique of reconstruction of the lunotriquetral ligament uses a distally-based strip of the tendon of extensor carpi ulnaris. The technique of direct ligament repair. Figure 3a -Several sets of non-absorbable sutures are passed through the drill holes into the lunotriquetral ligament and back through the drill holes.
intercalated segmental instability collapse) and chronic tears which have not responded to conservative management, operative treatment is required in order to realign the lunocapitate axis and to re-establish stability of the proximal row of the carpus. 12, 32 Options to achieve these goals include lunotriquetral arthrodesis, ligament reconstruction and ligament repair. Patients with congenital lunotriquetral coalition are usually asymptomatic and very little movement occurs between the lunate and triquetrum under normal circumstances. Arthrodesis has been recommended for lunotriquetral instability. 33 Although technically less demanding than ligament reconstruction or repair, the method is not without complications, including a rate of nonunion which has been reported to be as high as 57%. 11, [24] [25] [26] [27] [28] 34 Our rate of nonunion was 40.9%. In the series reported by Favero et al 34 ulnocarpal impingement, caused by the altered lunotriquetral joint mechanics after arthrodesis, required further surgery in 14%. In our series ulnocarpal impaction developed in 22.7% after arthrodesis and all had subsequent ulnar recession, after which the pain resolved. The complication rate of 81.8% and reoperation rate of 64% after arthrodesis in our series are unacceptable; only 57.1% of patients who had arthrodesis were satisfied with the outcome. The high rate of nonunion, the increased risk of ulnocarpal impingement and the low patient satisfaction associated with a high morbidity and rate of reoperation should influence the indications for this procedure. repairs and 90% patient satisfaction. The rate of complications for lunotriquetral repair in our series was 40.7% which included four failures after additional significant trauma. Of those patients who had repair 80% were satisfied with the outcome. The demands of younger patients and labourers may cause late failure or attenuation. Ligament reconstruction using a distally-based strip of the tendon of extensor carpi ulnaris is technically demanding but has yielded uniformly good results, unlike reconstruction of the scapholunate ligament. 11, 23, 34 We believe that lunotriquetral reconstruction should be the treatment of choice for many patients who require surgery after this injury. It avoids the altered carpal mechanics induced by lunotriquetral arthrodesis, which may result in a limited range of movement, ulnocarpal impingement, and possible midcarpal impingement caused by narrowing of the luno- A Kaplan-Meier graph illustrates the overall probability of remaining free from complications by treatment group: lunotriquetral reconstruction, repair and arthrodesis.
Fig. 5
Graph showing that the probability of remaining free from subsequent operation at five years was 42.7% for lunotriquetral repair or reconstruction compared with 21.8% for lunotriquetral arthrodesis. triquetral space. Reconstruction preserves lunotriquetral movement and allows the restoration of normal carpal kinematics. Favero et al 34 reported a rate of complications of 22% in patients undergoing reconstruction and a satisfaction rate of 89%. Our series also shows the value of this technique, with results superior to arthrodesis and lunotriquetral repair with regard to relief from pain, grip strength, range of movement, the incidence of complications and the rate of reoperation. Our study has limitations inherent in the retrospective design. Selection bias related to surgeon preference, technical difficulty, degree of injury, chronicity, patient age, gender or workers' compensation status may have influenced the type of treatment selected. From the homogeneous patient population and the lack of statistically significant differences preoperatively, however, we believe the selection bias to be minimal. We found important differences in morbidity, survivorship, and outcome among the three different methods of treatment for isolated lunotriquetral injuries. We believe that ligament repair or reconstruction should be the treatment of choice for chronic isolated lunotriquetral ligament instability. No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article.
